Computational clues for a new mechanism in the glycosylase activity of the human DNA repair protein hOGG1. A generalized paradigm for purine-repairing systems?
A theoretical density functional theory (DFT, B3LYP) investigation has been carried out on the catalytic cycle responsible for the glycosylase activity of the human DNA repair protein hOGG1: enzyme activation, cleavage of the glycosidic bond, and expulsion of the damaged base. An unprecedented large quantum mechanics (QM) model system has been used, which includes a complete oxoG molecule, the deoxyribose ring bonded to the phosphate groups, and most of the surrounding residues that simulate the protein binding pocket. It has been found that Asp268 does not play any role in Lys249 activation and that the oxoG basis acts as a coenzyme, triggering nucleophile activation by Lys249 deprotonation. An SN2 nucleophilic attack by Lys249 on the anomeric carbon then follows. This is the rate-determining step of the process with an activation barrier of 16.7 kcal mol(-1) in good agreement with the experimental value of 17.1 kcal mol(-1). The expelled oxoG plays again as an enzyme cofactor at the end of the process by activating (via proton transfer) ribose ring opening and Schiff base formation. This study suggests a recurring catalytic strategy in the enzymatic cleavage of purine nucleoside where the activation of the leaving group by protonation of the nucleoside base (via an enzymatic general acid) triggers the cleavage of the glycosidic bond.